Purpose. The aim of the present study was to determine the correlations between the strength of the stimulation process, mobility of nervous processes, achievement motivation and sports results of fencers in the senior age category. Methods. The sample was comprised of 38 senior fencers (19 men and 19 women) aged 21-32 years. The strength of the stimulation process and mobility of nervous processes were assessed with the Strelau and Zawadzki PTS inventory. The subjects' achievement mo tivation was measured with the achievement motivation questionnaire by Widerszalbazyl. Results. The study revealed that senior fencers (women, in particular) featured higher mean levels of the examined psychological determinants, i.e., strength of the stimulation process, mobility of nervous processes and achievement motivation than the general population in the same age range. Strong and statistically significant correlations were found between all the studied psychological determinants and sports results among the male fencers in the sample. In the group of female fencers none of the correlations were statistically significant. Conclusions. The results might provoke reflection on the role of coaches and, consequently, may have implications for the cooperation between coaches and athletes, indicating that the individual psychological differences of fencers should be considered during training. The coach may also decide on the necessity for considering on the reported diversification within the gender or age domain, and the need to consider such psychological properties as temperamental characteristics or the level of achievement motivation.
Introduction
Psychological research is often an integral compo nent of the multidimensional process of athletic train ing. The results of psychological studies not only enable the development of theoretical frameworks describing and explaining the structure of a number of psycho logical factors, but also on the determinants of sports results. They indicate the potential guidelines for fu ture research. Psychological studies are carried out on various populations of athletes, whose variability de pends on the type of sport, age category, length of competitive experience and sports level. Therefore the structure of the determinants of sports results is usu ally different in each study group. This variability is related to a great extent to the factors of general and specific physical fitness and well as to psychical fit ness that can determine sporting success in different age groups.
Taking into considering the psychological determi nants of sporting success, three basic groups of factors affecting the range of variability in athletes are often enumerated: temperament, motivation and cognition [1, 2] . Their role is crucial as competitors usually dis play a similar level of physical fitness in senior catego ries, i.e., in already a selected population.
A factor often associated with a fencers' effective action is undoubtedly his or her psychical resistance, whose counterpart in an individual's temperament is having a strong stimulation process, i.e., the ability of the nervous system to endure longterm or shortterm intensive effort or arousal. Individuals with a high level of strength of the stimulation process can act effec tively in heavily stimulating conditions, such as stress inducing conditions, and feature low levels of affec tive disorders and changes in effectiveness under heavy or longterm stimulation. They also feature lower sus ceptibility to fatigue, do not need long rest, act effi ciently in unplanned situations, experience less emo tional tension and emotional dysregulation. Another important temperamental factor determining fencers' effectiveness is the mobility of nervous processes, i.e., the speed and adequacy of responses to quick and un expected conditions in fencing [3] , or in other words, one's adjustment speed to new situations.
Achievement motivation, which is manifested by the willingness to achieve the best possible results, is particularly important in fencing. Achievement moti vation is often understood as the tendency to pursue standards of perfection via competition [4] . It is relat ed to actions pursuing ever higher standards without any external rewards. Persons with high achievement motivation are able to take risks, achieve their goals with ingenious instrumental actions, display a high level of time utilization skills, organize their life according to the standards they pursue and want to demonstrate their own effectiveness in actions [5] [6] [7] .
The structure of relationships among temperamental and motivational factors is often complex and multidi mensional. The aim of the present study was to determine correlations between the strength of the stimulation process, the mobility of nervous processes, achieve ment motivation and the sports results of fencers in the senior age category. The strength of the stimula tion process, the mobility of nervous processes and achievement motivation were considered as the main independent variables, whereas the sports result in fencing was treated as the dependent variable and the subjects' age as the extraneous variable. For the study, the following research hypotheses were formulated:
1. Higher strength of the stimulation process posi tively affects the sports results of senior fencers. 2. Higher mobility of nervous processes positively affects the sports results of senior fencers. 3. Higher achievement motivation positively affects the sports results of senior fencers. 4. The structure of correlations between the studied psychological determinants and fencers' sports results is different in male and female fencers.
Material and methods
The sample comprised of 38 competitive fencers (19 men and 19 women) aged 21-32 years selected by way of purposive sampling. The fencers represented all three fencing disciplines: sabre (13 individuals: six women and seven men), épée (13 people: seven women and six men) and foil (12 people: six women and six men). Out of the entire research group, 24 people (ca. 63% of the researched group, 12 women and 12 men) were part of the very narrow group of fenders who were Polish national representatives in their fencing disciplines. The study was conducted on those fencers who, having equal chances in the cup rankings (each of the studied fencers had participated in the same num ber of the Polish cups and Poland National champion ships) were all ranked on the list of the Polish Fencing Federation. Each of the fencers had also participated in at least two international championships. The subjects were selected with regard to their age, gender and sports results in the senior fencing age category. The selection was made with reference to the independent variables (age, gender) to reflect the population of senior fencers in the best way possible.
The strength of the stimulation process and the mobility of nervous processes (as independent varia bles) were measured with the Pavlovian Temperament Survey (PTS) constructed by Strelau and Zawadzki [3] , which contained 57 items in three sets corresponding to the individual properties of the nervous system: strength of the stimulation process, strength of inhibi tion and mobility of nervous processes. Each property was examined in 19 items and each subject gave his or her answers on a fourpoint scale. Although the sub jects fulfilled the entire inventory, only the items re ferring to the strength of the stimulation process and the mobility of nervous processes were taken into con sideration. Each property was then scored from 19 to 79 points [3] .
Fencers' achievement motivation was measured with the 20item Achievement Motivation Inventory de signed by Widerszalbazyl [5] . The total score for this property was between 20 and 100 points. Each subject chose one out of three or five answers in each inven tory item.
The senior fencers' sports results were taken from the annual ranking lists of the Polish Fencing Associa tion. Each fencer under study was given a number cor responding to his or her place on the ranking list.
The normal data distribution was checked with the ShapiroWilk's test; the homogeneity of variance was checked with Leaven's Ftest. The Student's ttest (for one sample) was also used to verify whether the stud ied pro perties in the studied group of fencers differed significantly from the general population in the same age brackets (arithmetic means from the normalized inven tories -arithmetic means from the general popu lation). The standardized effect (SE) was determined by estimating the differences between the mean values of the psychological determinants in the study group and in the general population, expressed in units of population standard deviation. In addition, the values were provided as a standardized sten scale (a "Standard Ten" point scale).
To compare the studied properties in the male and female fencers the Student's ttest for independent groups was applied. The strength and direction of the correlations between the studied determinants and the fencers' sports results was measured with Pearson's coefficient of correlation. In order to explain the vari ance of the sports results for all independent variables, a model of multiple regression was used [8] , where a stepwise forward selection regression method was employed. Additionally, the best subsets of the predic tors of the sports results were obtained based on the Mallows' cp criterion that determines the degree of fitness of a potential model to the data (the lower the Mallows' cp, the better fit of the model).
Results
First, the subjects' descriptive statistics were pro vided and then the sample was compared with the general population in the same age range with regard to the studied determinants: strength of the stimulation process, mobility of nervous processes and achieve ment motivation (Tab. 1). correlations between the variables were presented (Tab. 2, 3) and the multiple regression model was used in reference to the sports results (Tab. [4] [5] [6] [7] [8] .
Since no significant differences within the scope of the studied variables as well as the correlation struc tures were observed between the fencing disciplines (sabre, épée and foil), a common analysis was performed for the fencers regardless of the discipline. The partici pants, however, were analyzed separately in regards to the basic division criterion, gender.
The data from Table 1 show that the senior fencers had a significantly higher mean level of strength of the stimulation process than the general population at the same age. The standardized effect value was also high at (SE = 1.06), particularly among the female fencers (SE = 1.49; t = 5.65; p 0.001; a high score: a sten score of 8), although the difference in the male group of fencers was also statistically significant at p 0.01 (t = 2.97) with SE = 0.66 (a score at the beginning of a high score band: a sten of 7).
The female fencers had also a higher level of mobility of nervous processes than the general population (t = 3.07; p 0.01), with a relatively high standardized ef fect value of 0.77 (a score at the beginning of a high scores band: a sten of 7). The ttest value in the male fenc ers was statistically nonsignificant, and the standardized effect for the male fencers was 0.48 (an average score: a sten of 6).
The studied fencers also featured significantly higher achievement motivation than the general population with a high standardized effect (1.04). The standardized effect was particularly high in female fencers (SE = 1.43; t = 6.22; p 0.001; a high score: a sten of 8) and lower but still relatively high in male fencers (SE = 0.76; t = 3.31; p 0.01; a score at the beginning of a high score band: a sten of 7).
The subjects' gender had no significant effect on the studied psychological determinants. None of the obtained ttest values was of statistical significance at p 0.05.
The distribution of fencers' results was significantly different from that of the general population. Fencers featured significantly higher levels of the examined psychological properties. Also the female fencers con stituted a more select group than men in terms of the studied properties -the standardized effects and sten values for each psychological determinants were higher in women. The mobility of nervous processes featured lower standardized effect values than the two other psychological properties. Following these calculations 
The correlations between the psychological variables and the sports results are in bold SSP -strength of stimulation process MNP -mobility of nervous processes AM -achievement motivation Sr -sports result the relationships between the variables were analyzed (Tab. 2, 3). The data from Table 2 revealed that no correlation between the psychological determinants and sports results in the group of women was statistically signifi cant at p 0.05. In the group of male fencers (Tab. 3), however, the correlations were positive, statistically significant and relatively strong between: the strength of the stimulation process and sports results (r = 0.60, p 0.01), the mobility of nervous processes and sports results (r = 0.58; p 0.01), and between achievement motivation and sports results (r = 0.52; p 0.05). The study revealed a totally different structure of correla tions in the male and female fencers.
Next, the stepwise forward selection regression was employed for sports results in the whole group of par ticipants (Tab. 4).
Introduced in the first step, the strength of the stim ulation process accounted for ca. 21% of variance in sports results in fencing. Achievement motivation, which was introduced in the second step, increased the expla nation of variance by ca. 10%. Adding another pre dictor in the next step did not increase the R 2 signifi cantly; however, it decreased the adjusted R 2 , which points to a fall in the quality of the model. The obtained model with two predictors reached the assumed sta tistical significance (F = 7.808; p 0.01) and explained about 27% of variance in sports results (based on the adjusted coefficient). This model with two predictors (standardized coefficients: SSP: =0.34; p 0.05 and AM: = 0.34; p 0.05) had the best goodness of fit as based on the Mallows' cp criterion in the light of oth er potential models. For this model the cp (cp = 1.03) was the smallest (model no. 1: Tab. 5). The model that best fits the data in the context of other models based on the adjusted r-squared (the model with two predic tors) is in bold SSP -strength of stimulation process, MNP -mobility of nervous processes, AM -achievement motivation, G -gender The model that best fits the data in the context of other models based on the Mallows' cp criterion (the model with two predictors) is put in bold SSP -strength of stimulation process, MNP -mobility of nervous processes, AM -achievement motivation, G -gender
HUMAN MOVEMENT
Next, the contribution of the particular predictors to the dependent variable in the group of women was analyzed (Tab. 6).
None of the predictors that were introduced (and, consequently, none of the obtained models in the group of women) reached the assumed statistical significance. Next, the contribution of the predictors was analyzed in the group of men (Tab. 7).
Introduced in the first step, the strength of the stim ulation process explained ca. 36% of variance in the fencers' sports results. Achievement motivation, which was introduced in the second step, increased the ex planation of variance by ca. 8%. Adding another pre dictor in the next step did not increase the R 2 signifi cantly; however, it decreased the adjusted R 2 , which points to a fall in the quality of the model. The ob tained model with two predictors reached the assumed statistical significance (F = 6.304, p 0.01) and ex plained about 37% of variance in sports results (based on the adjusted). This model with two predictors (stan da rdized coefficients: SSP: = 0.456; p 0.05 and AM: = 0.317; p 0.151) had the best goodness of fit (as The model that best fits the data in the context of other models based on the adjusted r squared (the model with two predic tors) is in bold SSP -strength of stimulation process, MNP -mobility of nervous processes, AM -achievement motivation Multiple regression analysis showed that the psycho logical determinants explained many more variances of sports results in men than in women.
Discussion
The senior fencers under study featured higher mean levels of psychological properties, i.e., strength of the stimulation process, mobility of nervous processes and achievement motivation, than the general population in the same age category. Particularly significant differ ences between the fencers and the general population were found in the group of female fencers featuring high standardized effect values, e.g., 1.49 (sten of 8) for the strength of the stimulation process and 1.43 (sten of 8) for achievement motivation. This can be an indication of the fencers' selectivity due to the studied determinants and could be also related to the length of fencing train ing and the competition experience of senior fencers, who in order to comply with the heavy demands of fencing must display a specific profile of psychological properties. The group of senior fencers could have stemmed from some process of natural selection, which eliminated individuals with less suitable psychological properties. The obtained results are partly consistent with the findings from previous psychological studies conducted on competitive athletes. Dissertations on the psychological studies conducted on fencers are sparse, which is one of the reasons why the results from this study found a frame of reference not only in the studies on fencers but also on other competitive athletes. Thus, for instance, Williams et al. [9] obtained somewhat diffe rent results and revealed that National Fencing Women's Foil Team showed an average level of anxiety (a strong negative correlate of strength of stimulation process). However, results similar to those obtained in our re search were reported by bandach [10] who conducted studies on National Fencing Men's Team in the age range of 17-36. bandach's research participants revealed, among other things, a high resistance to risk situations and a larger acceptance towards adapting to one's sur roundings (positive, strong correlate of strength of stimu lation process and mobility of nervous process). These findings are quite consistent with those obtained by Gracz and Tomczak [11] , who conducted their studies on fencers (treating all three fencing disciplines as one) aged 14-32 years (41% of whom were the members of National Fencing Team in their age group). The fencers, inter alia, showed low emotional reactivity (a negative correlate of strength of stimulation process), a quite high level of mobility of nervous processes and slightly above average level of achievement motivation. Again, comparatively similar results were obtained by Tom czak [12] in the studies investigating adolescent fencers who showed low emotional reactivity (a negative strong correlate of strength of stimulation process), relatively high briskness (a positive strong correlate of mobility of nervous processes) and high achievement motiva tion. In turn, relatively similar results were reported by bukowska and Zgadzaj [13] , who examined a popu la tion of football players and chess players. Their studies revealed that the subjects displayed significantly higher levels of strength of the stimulation process than the general population. Moreover, the footballers also fea tured a higher level of mobility of nervous processes than the general population, whereas the chess players dis played a higher level of inhibition strength. Similar re sults were obtained in the studies carried out by O'Sul livan et al. [14] , where young (student) competitors of team sports (footballers, hockey players, etc.) featured a significantly lower level of neuroticism and anxiety (negative correlates of strength of the stimulation pro cess) when compared with the university population. The findings from these studies, however, are not always so clearcut. A comprehensive study in Korea compared athletes and nonathletes (mean age 17 and 36, respec tively) and demonstrated that athletes and persons leading physicallyinactive lifestyles did not differ with respect to novelty seeking (a demand for stimulation), harm avoidance, reward dependence, and persistence. On the other hand, the levels of both trait and state anxiety were found to be lower in the population of nonathletes than athletes [15] . Furthermore, similar results were obtained in the studies carried out by Ma linauskas [16] , in which rowers and middledistance runners (both groups were comprised of members and candidates of the Lithuanian national team) featured a relatively high level of neuroticism (a negative corre late of strength of the stimulation process).
The obtained high values of the psychological de terminants should come as no surprise. The strength of the stimulation process, identified with the strength of the nervous system, is crucial in sport, both in longduration training (taking place in highly stimu lating situations) and actual fencing combat. On the other hand, the mobility of nervous processes, imply ing the speed of adjustment to new situations is highly significant in fencing, in which the situation on the strip changes frequently and rapidly. Achievement motivation is important in every task situation, not only in competitive sport [17] [18] [19] [20] .
The formulated research hypotheses which (1, 2, 3) assumed positive correlations between the psycholo gical variables and sports results in senior fencing were confirmed in the male group. The initial regression anal ysis employed on the whole studied group of fencers pointed to two significant predictors: the strength of stimulation process (introduced in the first step) ac counting for 21% of the variance in the sports results and achievement motivation (introduced in the second step) then increasing the explanation of variance by ca. 10%. However, a detailed analysis of the relation ships within each gender revealed that these factors were of great importance in the group of men, where the noted correlations were relatively strong: r = 0.60 (p 0.01) for strength of the stimulation process and sports results, r = 0.58 (p 0.01) for mobility of nervous processes and sports results, and r = 0.52 (p 0.05) for achievement motivation and sports results. These re sults were confirmed by the regression model that was employed. These variables accounted for about 37% of the variances of sports results (37% based on the ad justed R 2 , 44% based on R 2 ). Introduced in the first step, the strength of stimulation process was of great impor tance in this model and explained 36% of the sports results. Less significant, however, for achieving a better fitting model was achievement motivation (introduced in the second step), which increased the explanation of variance by ca. 8%.
These results party overlap with the results obtained by borysiuk [21, 22] , who also showed that the strength of simulation process is a significant predictor of the sports level in senior male fencers (however, in the studies conducted by borysiuk this predictor turned out to be also significant in the group of senior female fencers). He also showed that the strength of simula tion process was significant in the junior female fencers, but not in the junior male fencers and no significant relationships between the mobility of nervous processes and fencers' sports level [21] were observed, which is comparative to the obtained results, since in the light of the regression model, mobility did not turn out to be a significant predictor after the strength of simula tion process and achievement motivation had been introduced to the model. However, no direct relation ships of emotional reactivity (a negative correlate of strength of stimulation process), briskness and achieve ment motivation with sports results of adolescent fencers were found in the study conducted by Tomczak [12] .
The obtained results were also partly in accord with the results from rychta's study [23] that examined a group of fencers within the age range of 14-32 years, and revealed a statistically significant average correla tion between the mobility of nervous processes and the fencers' sports level. The obtained results confirm the view expressed by czajkowski [24, 25] as to the impor tance of the strength of the nervous system and achieve ment motivation for action effectiveness in fencing, in particular in the senior stage [21] . The results also con firm the great importance of psychological factors in fencing within the context of other important varia bles from various groups, such as physical, physiological and motor factors, and factors of special fitness, which were pointed out by roi and bianchedi [26] .
Thus, the fourth hypothesis that assumed that the structure of correlations between the studied psycho logical determinants and the sports results of senior fencers was different in men and women was in fact confirmed. However, in the group of female fencers the correlations were lower and did not reach the assumed level of statistical significance (0.05). Likewise, the re gression model did not obtain the assumed statistical level of significance and showed that the predictors accounted for a small part of variance in sports results. On the whole, when compared with the general popu lation, women turned out to be better selected than men in terms of the studied psychological factors. However, the relationships between these factors and the results in the female group are lower than in the male group. Possible explanations for these results could be the dif ferent approaches by men and women towards rivalry and competition in general. Men are usually more dis posed towards direct rivalry, fighting and in making comparisons of different determinants than women. This attitude could be explained by the different tasks (in family, at work) and social roles that had been ful filled by the two genders for thousands of years. In men, these tasks required more intensive rivalry and fighting for material and nonmaterial resources. On the other hand women's tasks involved less direct rivalry and more focus on upbringing children and household du ties [27, 28] . Women have also taken an less active part in wars and conflicts, and it needs mentioning that fencing is an exemplification of real combat. It might be then that women engaged in fencing, as a sport involv ing longterm direct competition and fighting (which shows that this activity suits them well) are better se lected than men in terms of certain psychological de terminants than men who are more directly competi tive by nature. beside the differences between the senior female fencers and the general population, and the group of male fencers and the general population, no other significant differences in the examined psycho logical properties were noted between the two genders; whereas men from the general population usually dis play higher strength of the stimulation process and mo bility of nervous processes. Thus it can be stated that female fencers display a "male" temperament in terms of the levels of the studied psychological determinants.
Thus, female senior fencers can be expected to fea ture weaker correlations with their sports results. In fact, due to the greater selection, they had significantly fewer low and very low results than men, which could have been related to low and very low sports results. In this group, however, having fulfilled a certain re quired criterion, e.g., a high level of strength of the nervous system, other factors can also determine the level of specific fitness, such as intuition. On the other hand, in the less selected group of male fencers, still featuring low levels of studied determinants, correla tion coefficients can be high, as they can be related with low sports results or at least could impede the achieve ment of high sports results.
Another explanation could be related to the other determinants of sports results, such as motor fitness, which could play a greater role in male fencers whose combat often depends on the factor of speed. In female fencers there could be some factors that are more indi vidual than statistical, e.g., a high level of intuition can compensate for a lower level of a certain skill. If that is so, then a low variance of motor fitness (low standard deviation) could have been noted in the male group of fencers and the fitness results could have been distri buted to the right of the arithmetic mean. However, this group would not have featured strong correlations between motor fitness and sports results, rather other correlations would have been found between other psy chological properties and sports results.
Thus after having met a certain criterion of motor fitness in a population where all members feature a simi larly high level of this criterion, it ceases to differentiate this population in terms of their effectiveness. More significant here may be other variables, for example, the "psychical fitness" examined in the present study.
Conclusions
1. Senior fencers had higher mean levels of the studied psychological properties, i.e., strength of the stimulation process, mobility of nervous processes and achievement motivation, than the general population in the same age range. It could be an indication of the high selectiveness of fencers in terms of the studied psychological determinants. The female fencers con stitute a better selected group than male fencers in all studied psychological determinants of sports results.
2. A relatively strong correlation can be noted be tween the male senior fencers' strength of the stimula tion process, mobility of nervous processes and achieve ment motivation and their sports results. It can be illustrative of the tendency to achieve higher sports re sults by men with a higher level of strength of the sti mulation process, mobility of nervous processes and achievement motivation than men with lower levels of these properties.
3. No statistically significant correlations were noted between the strength of the stimulation process, mo bility of nervous processes, achievement motivation and sports results in the studied senior female fencers.
4. The obtained results from the present study con ducted in order to identify the main determinants of sports success in fencing may have farreaching impli cations for the interactions between coaches and ath letes. coaching should recognize the individual psycho logical differences among fencers and should reflect the effects of gender and age diversification on psycho logical properties such as temperamental characteris tics or the level of achievement motivation.
